We observed X-ray bright points (XBPs) in a quiet region of the Sun with the X-Ray Telescope (XRT) aboard the Hinode satellite on 2006 December 19. XRT's high-resolution X-ray images revealed many XBPs with complicated structure and evolving dramatically with time. Almost all of the dynamic eruptions in the quiet region were composed of XBPs, and they had either loop or multiloop shapes, as is observed in larger flares. Brightening XBPs had strong magnetic fields with opposite polarities near their footpoints. While we have found a possible example of associated magnetic cancellation, other XBPs brighten and fade without any associated movement of the photospheric magnetic field.
Introduction
Soft X-ray images of the full Sun, acquired with the X-Ray Telescope (XRT: Golub et al. 2007; Kano et al. 2007 ) aboard the Hinode satellite (Kosugi et al. 2007) , have shown that a large number of X-ray bright points (XBPs) are widely and uniformly distributed at essentially all solar latitudes over the quiet-Sun region (figure 1). XBPs are small, compact coronal emission structures with sizes of less than 60 00 in diameter and lifetimes ranging from a few hours to a few days (Krieger et al. 1971; Golub et al. 1974) . Their properties have been studied for more than 30 years. Large numbers of XBPs are observed at all times during the solar 11-year cycle (Sattarov et al. 2002; Hara & Nakakubo-Morimoto 2003) .
XBPs show intensity variability in soft X-rays over a wide variety of time scales from a few minutes to hours, as well as rapid changes in their morphology (Strong et al. 1992) . XRT observation data clearly show ubiquitous activity in X-ray bright points. Large and transient intensity variances may be recognized as small flares or microflares occurring in the XBPs. The morphological and energetic behaviors of XBP flares are quite similar to active-region transient brightenings (Shimizu et al. 1994) , some of which are probably triggered and powered by the magnetic reconnection of emerging magnetic fields with pre-existing magnetic fields (Shimizu et al. 2002) .
Associated with the appearance of XBPs, small magnetic bipolar features have been reported in photospheric magnetograms. Some magnetic bipoles are formed due to the Movie for figure 2 is available at hhttp://pasj.asj.or.jp/v59/sp3/59s325/i. emergence of magnetic flux from below the photosphere, and they are sometimes called "ephemeral regions" (Harvey & Martin 1973; Golub et al. 1977) . A comparison of XBPs with magnetograms, on the other hand, has suggested that XBPs result predominately from the convergence and cancellation of magnetic bipoles (Martin et al. 1985) , a small fraction of S736 J. Kotoku et al.
[Vol. 59, them corresponding to emerging bipoles (Webb et al. 1993) . Using simultaneous Yohkoh/SXT images and groundbased magnetograms, Harvey et al. (1994) showed that XBPs are associated with four different magnetic configurations. For their sample of 19 XBPs: merging magnetic bipoles (1 event); disappearing or cancelling flux (12 events); emerging and then cancelling (2 events); little change in the magnetic structure (4 events). Harvey et al. (1994) suggested that the emergence or cancellation of photospheric magnetic flux is not in itself a necessary and sufficient condition for the occurrence of an XBP, and that of XBPs result from magnetic reconnection of the emerging or cancelling magnetic fields with existing small magnetic fields. The cancelling magnetic features predominantly observed with XBPs observationally describe the mutual disappearance of magnetic flux along the boundary between two opposite magnetic polarity fragments. Using simultaneous measurements of the magnetic fields in the photosphere and chromosphere, Harvey et al. (1999) have shown that the magnetic flux is retracting below the surface for most of the cancellation sites. Several theoretical models of XBPs have recently been proposed, most of which include magnetic reconnection for generating X-ray sources. A converging flux model, proposed by Priest, Parnell, and Martin (1994) , explains cancelling magnetic features at the photosphere and their accompanying XBPs in the corona. The two magnetic fragments are situated far enough apart that their magnetic fields are not connected at the pre-interaction phase. As the elements move closer together, they first come into contact at the photosphere, and then an X-type contact point rises up into the corona, starting to form an X-ray bright point in the corona with energy release by magnetic reconnection at the contact. Then, the X-type contact point drops back to the photosphere where reconnecting magnetic fields there create the cancelling magnetic feature observed with magnetograms. The converging model has been extended to three dimensions Longcope 1998) . Longcope et al. (2001) provided XBP observations supporting some predictions from three-dimensional models of reconnection.
Thanks to the high spatial resolution of XRT, it has become evident that XBPs actually consist of small-scale loop structures. One of the aims of this paper is to illustrate the morphological evolution of loop structures transiently formed in XBPs (subsection 3.1). The angular resolution of XRT is 1 00 , which is three-times better than that of Yohkoh SXT. High spatial resolution EUV observations performed with TRACE have suggested that the mechanisms that cause XBPs to form and evolve are complex, although reconnection probably plays a major role in the formation and brightening of the loop structure (Brown et al. 2001) . However, owing to the wide coronal temperature coverage achieved with XRT observations, XRT can for the first time provide the morphological evolution of the entire coronal loop structures. Such studies would be helpful in understanding how magnetic reconnection plays a role in forming and evolving coronal structures in XBPs.
Moreover 
Observations and data analysis
A quiet region was almost continuously observed with XRT in the period from 11 UT to 24 UT on 2006 December 19. A single X-ray filter (Al/Poly) was used with a deep exposure duration (16.0 s), enabling us to look into faint coronal structures in the quiet Sun. The cadence of the XRT observation was about one minute. The field of view was 523 00 523 00 and the spatial resolution was 1: 00 032/pixel. The observed region was located near to the disk center, which was tracked by the satellite body control during the observation (figure 1). In the observed region, we identified 23 XBPs of the images around 11:00 UT by eye, which are represented by white squares in figure 2.
The SOT Narrowband Filter Imager (NFI) occasionally acquired Stokes I and V data (line-of-sight magnetograms, 2 2 summing) in the periods from 11 UT to 16 UT and from 23 UT to 24 UT. The measurement was made at the wavelength 120 mA off of the Fe I 6302.5Å line. The field of view was 328 00 164 00 , which covered a limited area in the XRT field of view, which is shown in figure 2. In this paper, we present magnetogram data with contours representing the degree of polarization, to study morphological evolutions of 19, 18:00, 18:05, 18:11, 18:17, 18:32, 18:38, 18:44, 18 :49, and 18:54 UT. photospheric magnetic patches with time. For deriving the field strength of the magnetic patches, we need to calibrate the NFI magnetograms with spectro-polarimeter data (e.g., Chae et al. 2007; Ichimoto et al. 2006) . The important thing now is that the measured polarization is stable with time, which was checked by examining the temporal change of magnetogram signals at magnetic patches with no association to XBPs.
To improve the contrast of X-ray images, and then to identify the morphology of XBPs more easily, we applied an unsharp mask method to each image. The unsharp-masked image is created by subtracting a "smoothed" image from the original image. Each pixel value .i; j / in the smoothed is equal to the mean of the 9 9 square of pixels centered on .i; j /.
The series of X-ray images was co-aligned with the SOT magnetograms using a method described in Shimizu et al. (2007b) . The pointing DC offset derived from the Mercury transit on 2006 November 8 was used with a correction of the angle offset caused by the SOT tip-tilt mirror control. The correlation was made using the commanded top-tilt mirror angle information, causing a˙1 00 uncertainty in the co-alignment. The satellite jitter and the orbital phase variation were corrected using the Sun sensor signals and a orbital phase variation model. The alignment accuracy between the magnetograms and X-ray data was estimated to be better than 2 00 -3 00 .
Results
There were two primary results of our investigation: first, we identified four distinct shapes of XBPs in the XRT observations; second, we identified several XBPs that appear to be inconsistent with the flux cancellation model based on simultaneous SOT/NFI line-of-sight magentograms and XRT images.
Morphology of XBPs
In this section, we focus our attention on the morphology of XBPs, and describe their time evolution. We attach an X-ray movie taken with XRT, showing this evolution.
Among 23 regions identified as XBPs (shown in figure 2), 7 XBPs did not show clear brightening during the observation period. For the other 16 XBPs, small brightenings occurred. Especially in 5 of them, small events occurred several times during the observation period.
We can identify a rich variety of morphology in XBPs and a relatively rapid time evolution. For example, in region 2, the bright point was continuously bright for 13 hours. From about 18 UT to 19 UT, two loops seemed to interact with each other while they became bright and dim, as shown in figure 3 . In region 11, a loop changed its shape into two loops at around 22 UT and into three loops at around 23 UT, as shown in figure 4 .
We classified the morphology of the XBPs into four types, as shown in table 1. In the last column, "at peak" means the event shows clear brightening and the morphology is classified at that time; "without much brightening" means the event shows no clear brightening; "point-like" means the XBP seems to be point-like, and we cannot resolve its structure. We show these typical morphologies in figure 5 . We also show some examples of morphological changes in figure 6. Large loops tend to last for several hours while point-like events disappear typically within 10 min.
Photospheric Footpoints of XBPs
The SOT/NFI magnetogram data and the XRT data are overlapped from 11 UT to 15 UT, and from 23 UT to 24 UT. There were four brightenings in the XBPs during this period. To study the relation between the photospheric magnetic activities and the coronal brightenings in XBPs, we overlaid X-ray images with magnetogram contours. Figure 7 shows the brightening that occurred in region 1. In this sequence of images, we can see an X-ray source appearing over time. Although the X-ray intensity increased as shown in figure 8, the magnetic fragments with opposite polarity appearing at the foot points of XBPs simply showed a steady increase in flux. Figure 9 is a similar figure, but shows the evolution of region 2. The magnetic fragments associated with this region are considerably larger than those associated with region 1. Region 2 became bright and faint in one hour (figure 10). As in figure 7 , the magnetic fragments showed no significant motion or change in flux during the XBP intensity change, as shown in figure 11 . In this figure we simply sum the magnetogram pixel values from the fragments shown in figure 9 . Figure 12 is another example of the evolution of XBPs. The XBP is a clear single loop. Its X-ray intensity increased and decreased, as shown in figure 13 . Also in this case, the magnetic fragments with opposite polarity did not move. These observational results from figures 7, 9, and 12 suggest that at least some aspects of XBPs brightness variability is not explained by a converging flux model. The last example shows a case that is possibly associated with magnetic cancellation. In figure 14 , two magnetic fragments with opposite polarity come close together. Figure 15 shows the counts summed in region 2, revealing that the brightness of the XBP gradually decreased. The flux of magnetic fragments associated with this XBP are shown in figure 16 . Because SOT did not observe before this event, we do not know the movements of magnetic fragments in the pre-interaction phase. Classifications of these 4 brightenings of XBPs are listed in table 2.
Conclusions and Discussion
We observed a quiet region of the Sun with unprecedented resolution of Hinode. High resolution X-ray images revealed that many XBPs have complicated structure, and vary dramatically with time. In this observation sequence, the brightening XBPs have strong magnetic fields with opposite polarities around their footpoints. We found a possible example associated with magnetic cancellation. However, at least for some XBPs, their X-ray variation did not seem to be associated with magnetic cancellation. In particular, it was found that the X-ray intensity changes of XBPs did not seem to depend on their magnetic foot-point behavior. In other words, the foot-point magnetic field does not directly affect the upper S740 J. Kotoku et al.
[Vol. 59, The XBP classification (subsection 3.1) is a result of the improved resolution of XRT. There are still structures well below our resolution (point-like), but many XBPs are well resolved. Further work is needed to track possible relationships between the different classifications and the evolution of XBPs (for example what fraction of XBPs show both loop and multi-loop structure during their life time?). The identification of the structure at the "peak" of the light curve is somewhat arbitrary, especially because many XBP light curves show multiple peaks. As mentioned in subsection 3.2, we found an example associated with magnetic cancellation. However, some of XBPs varied while magnetic fragments did not move or change. At present, we have not yet understood the process that triggers the brightening of XBPs. The XBP shown in figure 7 shows weaker associated magnetic fields than the other XBPs. This may suggest that the horizontal component of the magnetic field plays an important roll for driving the brightening of an XBP.
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